TSTORLVwith PropellantCrossfeed

Figure 1." Crossfeed system enables common, smaller and lighter vehicles
The crossfeed system uses similar booster and orbiter stages to reduce the TSTO w.'hicle size and weight ( Figure 1 ). This system allows the booster and orbiter engines to draw propellant only from the booster tanks during the first part of the ascent. After the propellant flow is transitioned to the orl:,iter tanks, the booster it is impractical to match all the parameters particularly for the last three (t*, Pcv*, and EUcv*) dimensionless groups.
In fact the data generated from the subscale water flow test can be fed back to the full-scale system to assist the design. As shown in Figure  6 , with a 4"-diameter test apparatus, Cavitation number and Total Pressure Ratio similarities were obtained with a water flow rate of 32.5
Ibm/s, a booster tank total pressure of 53.5 psia and an orbiter tank total pressure of 57.5 psia. The Reynolds number, however, was about 2% of the full-scale LO2 system value.
Although Reynolds numbers were not equivalent, the flows were far into the turbulent flow regime and thus qualitatively the results would be similar.
,o0-,-.. The model is displayed graphically in Figure 7 . The water flow test schematic is shown in Figure 15 . The subscale test apparatus is described in detail in the test section of this report so it is described briefly here. 
Pressurization
Model (PM)
The pressurization models of the Booster and Orbiter tanks were developed using Fortran language. The Fortran model is based on the flight verified Space Shuttle model and was used for Ilight and static fire test predictions for Delta IV. A grid sensitivity study was performed to determine the necessary mesh and concluded that at least 1.2 million cells were required. The water flow test is designed to simulate the vehicle operations described in the pre,:eding paragraph. The opening time of the Orbiter tank isolation valve is one key parameter that will be varied from test to test in order to determine the optimum time to minimize pressure surges to the simulated engines valves. Water is the fluid of choice at this time due to increased safety and to reduce cost. Water also has a vapor pressure (0.4 psia at 530 R) close to that of densified LO2 (0.48 psia at 120 R), which provides _imilafity for cavitation performance.
Integration of Flow Transient and Pressurization Models
The test article is to be constructed primarily of material that is compatible with cryogenic fluids such that most of the test equipment t:ould be used in followon cryogenic tests. The Cross I_eed Valve is a nominal 4-inch dual check valve assembly using two (2) springloaded parallel flappers in order to prevent reverse flow.
This overall valve configuration, during the course of the test program, will be subject to performance evaluation to determine its suitability for a much larger diameter valve.
Test Article Architecture
The crossfeed water flow test article consists of a simulated Booster tank, an Orbiter tank, a tank structural support grid, feedli_es, a crossfeed valve, tank isolation valves, simulated engine valves, a tank pressurization system, vent systems, a pneumatic panel and distribution system, pressur_mt gas supply trailers, a fill and drain system, and a water supply and recycle tank. The test system covers an area roughly 30 ft wide x 48 ft long and is located east of building 38 on the Boeing Huntington Beach facility.
To determine the required tank operating pressures for the water flow tests, a Nodal Diagram (Figure 15) The test setup will be built to reflect the nodal diagram and schematic that has been developed during the preliminary design stages to analyze the system for performance and compliance to the EASY5 analytical model. The piping system will be metallic and will be insulated for cryogenic testing during a later follow-on phase of the test program.
The initial tests will be performed using water as a test fluid
Test Description
The critical test parameters, which will be varied during the water flow tests, are: The water flow test architecture is based on a pressure fed flow system. Consequently, the Orbiter and Booster tank ullage pressures must be varied to achieve the required flow rate of water. The tank pressures are currently based on steady-state flow analyses, which were performed using a nodal layout of the test setup. 
